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Abstract 
Waste Electrical and Electronic Equipment (WEEE) are one of the most significant waste products in modern societies. Disassembly is a 
critical step to reduce Electrical and Electronic Equipment (EEE) waste. In the past two decades, despite disassembly has been applied to 
support recycling and remanufacturing of WEEE products worldwide, full disassembly of WEEE is rarely an ideal solution due to high 
disassembly cost. Disassembly planning and sequencing has therefore become an important but still a challenging research topic in recent years. 
In this paper, based on product model, space interference matrix can be generated to represent the space interference relationship between each 
component of product, and all feasible disassembly sequences can be obtained by analysing the space interference matrix in six directions in a 
3D environment. The obtained feasible disassembly sequences can be used as solutions to support our developed Particle Swarm Optimisation 
(PSO)-based selective disassembly planning method to search optimised selective disassembly sequence for Liquid Crystal Display (LCD) 
televisions. 
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1. Introduction 
Due to rapid technical innovations and shorter usage 
lifecycle of Electrical and Electronic Equipment (EEE), Waste 
Electrical and Electronic Equipment (WEEE) are becoming 
one of the major and challenging waste streams in terms of 
quantity and toxicity. For instance, there are approximately 7 
million tons of WEEE are generated per year [1]. In China, 1.1 
million tons of WEEE are generated per year [2]. In order to 
reduce the environmental footprint and to clean the earth, in 
Europe the WEEE Directive has been enacted and 
implemented from 2003. According to the WEEE Directives, 
a producer’s responsibility is extended to the post-consumer 
stage of WEEE, instead of stopping at selling and maintenance. 
It is aimed at encouraging producers especially manufacturers 
to provide cradle-to-grave support to reduce environmental 
impacts, such as that they work closely with remanufacturing 
industries to recover maximum values and reduce 
environmental toxicity/hazardousness [3,4].  
Disassembly is a key process of recovery strategies in the 
treatment of WEEE. In the past years, there are many research 
articles published on full disassembly sequence planning of 
WEEE. In the literature [5,6,7], some detailed reviews on the 
research were made. However, only very few paper reported 
research on disassembly planning for Liquid Crystal Display 
(LCD) televisions [8,9,10], which is a main product of WEEE. 
The global market figures for the LCD televisions are 
forecasted to surpass $80 Billion in 2012 [11]. 
In this paper, space interference matrix was used to 
represent the space interference relationship between 
components of LCD television. By analysing the space 
interference matrix in six directions in a 3D environment, all 
feasible disassembly sequences can be obtained to support our 
developed Particle Swarm Optimisation (PSO)-based 
selective disassembly planning method to search optimised 
selective disassembly sequences for LCD televisions [12]. 
Case studies of back cover assembly part and base assembly 
part of LCD television were presented to illustrate the concept 
and demonstrate the efficiency of the methodology. 
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2. Methodology 
As shown in Figure 1, the developed approach is carried 
out in two main phases. Phase 1 is space interference matrix 
generation based on product model, which can be used to 
represent the space interference relationship between 
components of product model. Phase 2 is to obtain all feasible 
disassembly sequence by analysing space interference matrix 
in a 3D environment. The result can be used as a solution 
space to support our developed PSO-based disassembly 
planning optimisation algorithm to search optimised selective 
disassembly sequences for the LCD televisions [11]. 
 
 
Fig. 1. A main flow of the developed approach. 
2.1. Phase1 – space interference matrix 
The first step of space interference matrix generation is to 
create six matrices in six directions (X+, X-, Y+, Y-, Z+, Z-) 
separately, which is used to represent the space interference 
relationship of components of a product. 
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  In the matrix, the elements ܥ௜  in each row and column 
show the component of the product. The element ݎ௜௝  shows 
the space interference relationship between components i and 
j in a 3D environment, which includes six directions (X+, X-, 
Y+, Y-, Z+, Z-). If space interference exists between 
components i and j in one direction, the element  ݎ௜௝  in the 
matrix is “1” in this direction. Otherwise, the element  ݎ௜௝  in 
the matrix is “0” in this direction. An example is used here to 
explain the space interference relationship between ‘A’ and 
‘B’ (shown in Fig. 2).  As the object ‘B’ is in the X+ direction 
of the object ‘A’, and the object ‘A’ is in the X- direction of 
the object ‘B’,  the element ݎ஺஻  in the X+ direction matrix is 
“1”, and the element ݎ஻஺ in the X- direction matrix is “1”, all 
other results are ‘0’. 
 
 
Fig. 2. Matrices in six directions to represent the space interference 
relationship. 
 
For example, the equations (2-7) are used to represent the 
space interference relationship between four components of a 
product (shown in Fig. 3). 
 
 
Fig. 3. Product with four components. 
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2.2. Phase 2 – feasible disassembly sequence generation 
Based on the obtained space interference matrices in six 
directions in Phase 1, analysis is used here to find all feasible 
disassembly sequences of the product. Firstly, the equation (7) 
is generated by combining the equations (1-6) in six directions. 
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The Boolean operator ‘OR’ is used for the combined space 
interference matrix of the elements at any row to determine 
whether a component can be freely disassembled in a 
direction. The equation (8) is obtained in below. 
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       (8) 
The result ‘111111’ represents the relationship between 
one component and all remaining components of the product 
in six directions. If the result is ‘1’, it means the component 
could not be disassembled in this direction, and if the result is 
‘0’, it means the component can be disassembly in this 
direction. The example in Fig. 4 can explain the concept. In 
the equation (8), components ‘A’ and ‘B’ could not be 
disassembled in any direction as the result is all ‘1’; 
component ‘C’ can be disassembled in Z+ direction as the 
result is ‘0’ in this direction; and component ‘D’ can be 
disassembled in Z+ and Z- two directions. 
 
 
Fig. 4. Feasible disassembly sequence analysis for the product. 
Here, if the component ‘D’ is disassembled in the Z+ 
direction firstly, the remaining combined space interference 
matrix is shown below. 
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From the equation (9), component ‘A’ and ‘B’ can be 
disassembled in three directions, and the component ‘C’ can 
be disassembled in five directions except the Z- direction. 
Here, if the component of ‘C’ is disassembled in the Z+ 
direction, the remaining combined space interference matrix 
is shown below. 
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¼
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From the equation (10), the components ‘A’ and ‘B’ can be 
disassembled in three directions. The component of ‘B’ is 
disassembled in the Y+ direction firstly. After that, the product 
has been disassembled completely. Based on the above 
analysis, the total feasible disassembly sequences for the 
product is 192 (30+30+30+30+30+30+6+6) (shown in Fig. 5). 
 
 
Fig. 5. All feasible disassembly sequences for the product. 
The result of all feasible disassembly sequences for the 
product can be used as a solution space to support our 
developed PSO-based selective disassembly planning method 
to search the optimised disassembly sequence based on 
customer requirement and WEEE directive. The main flow of 
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the developed approach is shown in Fig. 6. The details can be 
seen in our published paper [12]. 
 
 
Fig. 6. The main flow to search optimised disassembly sequence. 
3. Case study of LCD television 
The LCD televisions studied here are produced by the 
Changhong Electronics Company, Ltd. from China, which is 
the biggest television producer in China. The company 
provides information about LCD televisions of the type of 
LC24F4, such as the bill of materials, exploded view, mass of 
each part and the detailed assembly processes. The structure 
of the LCD television is shown in Fig. 7(a) and (b). The 
typical exploded view of a LCD television is shown in Fig. 
7(c). As shown in Fig. 7(d), a LCD television is typically 
assembled by three main parts: (1) base assembly part, (2) 
back cover assembly part and (3) front cover assembly part. 
Among them, the front cover assembly part is composed of a 
surface frame, a remote control receiver board, a control 
button board, a main board and a power supply board.  
 
 
Fig. 7. The LCD televisions and its structures (a) LCD television; (b) LCD 
television CAD model; (c) exploded view of LCD television structure and (d) 
parts of LCD television. 
3.1. Base assembly part 
The base assembly part of LCD television is shown in Fig 
8. It is composed by nine parts: (A) metal fixing plate, (B) 
metal washer 1, (C) metal washer 2, (D) top metal support, 
(E) cylindrical metal support 1, (F) cylindrical metal support 
2, (G) toughened glass seat, (H) steel plate and (I) rubber 
gasket. The space interference matrices to represent the base 
assembly part in six directions are below. 
 
 
Fig. 8. The base assembly part of  LCD television (a) base assembly part, (b) 
Components A,B,C (c) Components D,E,F (d) Components G,H,I. 
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After combining the above six matrices and using Boolean 
operator ‘OR’ in rows, the obtained result is as follows: 
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 Based on the developed approach, there are total 450 feasible 
disassembly sequences for the base assembly part. 
3.2. Back cover assembly part 
The back cover part of a LCD television is composed by 
three parts: (J) back cover, (K) cover plate, (L) support 
(shown in Fig. 9). 
 
 
Fig. 9. The back cover assembly part of LCD television. 
The space interference matrices to represent the base 
assembly part in six directions are below. 
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After combining the above six matrices and to Boolean 
operator ‘OR’ in rows, the obtained result is as follows: 
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Based on the developed approach, the total feasible 
disassembly sequences for the back cover assembly part is 4.  
The obtained feasible disassembly sequences can be used 
as a solution space input our developed PSO-based selective 
disassembly planning method to search optimised selective 
disassembly sequence for LCD televisions [12]. 
4. Conclusion 
The global market figures for the LCD televisions are 
forecasted to surpass $80 Billion in 2012 [11]. However, there 
are only very few paper conducting research on disassembly 
planning for LCD televisions.  In this paper, a space 
interference matrix is used to represent the space interference 
relationship of each component of LCD televisions. By 
analysing the obtained space interference matrix in six 
directions, all feasible disassembly sequences can be obtained, 
which can be used to support our developed PSO-based 
selective disassembly planning method to search optimised 
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selective disassembly sequence based on customer 
requirement and WEEE directive for LCD televisions. 
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